Introduction
Cacao, Theobroma cacao L., is one of the world's important agricultural export commodities, with it being cultivated mainly for chocolate production (Almeida and Valle 2007) . Traditionally, cacao is cultivated under the shade of a selectively thinned forest. In the Atlantic coastal forests of the states of Bahia and Espirito Santo, Brazil, around 4% of the world and 75% of the Brazilian cacao output is obtained using a system locally called 'Cabruca' (Lobão et al., 2007) . This system is a special kind of agroforestry in which the understorey is drastically suppressed to introduce cacao, and the density of upper storey trees is reduced. Cacao is also intercropped around the world in planned systems with other species of economic value crops such as Areca catechu, Cocos nucifera (Alvim and Nair 1986; Daswir and Dja'far, 1988; Abbas and Dja'far, 1989) , Hevea brasiliensis, Syzigium aromaticum, Cinnamomum zeylanicum, Erythrina fusca (Alvim, 1989a,b) , Bactris gasipaes and other Amazonian species (Brito et al., 2002) . However, T. cacao cultivation has also been observed in full sun, in irrigation systems with fertilization. Under full system cacao requires vast amounts of water to achieve high yields (fruit production) in comparison to "Cabruca" and agroforestry cultivation systems (Almeida and Valle, 2007) .
Sunlight provides the energy required for plant photosynthetic reactions. In contrast, damage can be caused with excessive exposure to high sun light, while inadequate sun light can limit plant growth and development (Lambers et al., 1998) . However, plants have developed sophisticated stress response mechanisms resulting from high light intensities. Low light levels can cause stresses on plants, due to decreased carbon dioxide (CO 2 ) assimilation rates, decreased carbohydrate production and decreased growth and development. On the other side, high light levels can damage the photosynthetic machinery (Lambers et al., 1998) , known as photoinhibition which may be divided into two types: (i) dynamic photoinhibition, which shows a reduction in quantum efficiency of the photosystem 2 (PS2) reversible, accompanied by a significant increase in the thermal dissipation of excess energy absorbed, indicating that the decrease in the photochemical efficiency should if, in part, to mechanisms photoprotections; and (ii) chronic photoinhibition which occurs when excess absorbed light generates a series of highly reactive oxygen intermediates (ROIs) which can cause serious problems for the photosynthetic machinery (Mittler, 2002) with damage to lipid membrane constituents, pigments and cofactors critical protein subunits, especially the D1 protein, resulting in complete inactivation of the photo-oxidative reaction center (Apel and Hirt, 2004) . This damage, if not repaired, lead to a decrease of the photochemical efficiency, which can be characterized by an irreversible decrease the Fv/Fm ratio (quantum efficiency of the PS2) (Hideg and Murata, 1997) .
Plants have developed various strategies to cope with adverse conditions, such as plasticity in terms of acclimation to full sunlight and shade, as well as photoprotective mechanisms designed to dissipate excess energy (Demmig-Adams and Adams, 1992) . Differences in leaf morphology, anatomy and physiology have been documented for species that are adapted to shaded or full sun environments (Boardman 1977; Björkman 1981; Givnish 1988) . Structural foliar changes can also be adaptable, for example, the inactivation of the reaction center of the PS2 (Öquist et al., 1992) . Changes in existing leaf physiology and the production of new leaves, that are morphologically and physiologically suitable to the light environment, are acclimation response components (Wyka et al., 2007) .
Additionally, plants have developed enzymatic and non-enzymatic protection mechanisms in response to oxidative stress, which are triggered by variations in light intensity. The non-enzymatic mechanism includes metabolites such as anthocyanins and other types of flavonoids (Marchese et al., 2008; Pietrini et al., 2002) ; while the enzyme mechanism is composed by superoxide dismutase, by catalases and peroxidases, which subsequently act to detoxify H 2 O 2 (Apel and Hirt 2004) . The accumulation of flavonoids or other UV-absorbing compounds in the leaf epidermis is one of the most important mechanisms to screening out UV-B radiation. The accumulation of anthocyanins in leaf level reduces the oxidative stress, induced by exposure to ultraviolet-B (UV-B), and the photoinhibitory damages (Fini et al., 2011) . It has been observed under field conditions that the genotypes of T. cacao with high content of anthocyanins, in young leaves, are more tolerant to stress promoted by the high light intensity when grown in full sun.
The species T. cacao, due to it being a preferentially allogamous species, has a very large variety of genotypes, with striking phenotypic differences. The main objective of this study was to evaluate the effects of different light levels on three clonal genotypes of cocoa ('Catongo', SCA-6 and SJ-2), which were different in terms of the presence of anthocyanins at the foliar level, through photosynthesis evaluations, of guaiacol peroxidase activity (GPX), of the content of chloroplastidic and vacuolar pigments (anthocyanins), of flavonoid content, by anatomical analysis and of gene expression at the foliar level.
Materials and methods

Growth conditions and plant material
The experiment was performed from September/2010 to November/2011 at the campus of State University of Santa Cruz (UESC), located in the city of Ilhéus, Bahia, Brazil (14°47′ S, 39°10′ W). Three clonal genotypes of cocoa were used, which varied in terms of their anthocyanin content in young leaves ('Catongo' − no anthocyanins, SCA-6-low content of anthocyanins and SJ-2-high content of anthocyanins). The genotype 'Catongo' is a natural mutant anthocyanins, with monogenic or qualitative inheritance for this character, selfcompatible and highly productive; with the young leaves (Fig. 1) , and seeds devoid of this vacuolar pigment, whose seeds are white; besides being intolerant to witches' broom disease (Bartley, 2005) . However, SCA-6 is a wild type genotype, self-incompatible, has small fruits and seeds,; young leaves ( Fig. 1) , fruits and seeds are slightly red by the presence of vacuolar anthocyanins, as well as having alleles for tolerance to witches' broom (Bartley, 2005) . SJ-02 genotype is an autocompatible and highly productivity clonal cultivar that has young leaves ( Fig. 1) , fruits and seeds intense red coloration due to the high concentration of anthocyanins in vacuolar constituent cells of the tissues and organs. The clonal genotypes were obtained by rooting ̴ 16-cmlong stem cuttings from plagiotropic branches at the beginning of secondary growth, containing the apical bud, three auxiliary buds and three leaves. The bottoms of the cuttings (̴ 3 cm) were dipped into chemically inert talcum powder containing indol-3-butyric acid (IBA) at 4 g kg −1
. Afterwards, each cutting was transferred to a 288-cm 3 tubelike, black plastic pot containing organic substrate (turf + grinded Pinus sp. barks and grinded coconut fiber at 1:1 ratio) enriched with macro and micronutrients, according to the recommendations for cacao. The planted pots were left at a nursery with 50% sunlight cover and irrigated by microaspersion. After 4 months of growth these rooted cuttings were transplanted to 12 L plastic pots, containing soil as substrate, and grown in 100%, 50% and 5% of full sunlight, during seven months. The different conditions of light levels simulate the main forms of cocoa cultivation in the world (100% − monoculture in full sun; 50% − agroforestry systems with species of economic value such as Areca catechu, Cocos nucifera, Hevea brasiliensis, Syzigium aromaticum, Cinnamomum zeylanicum, with different spacing between plants; and 5% − an agroforestry system, known as 'Cabruca', is a main cropping system invariably adapted for cultivation of cacao in Brazil, in this system of management, cacao is grown under the shade of native species of the Atlantic Forest. During the experimental period, the photosynthetic photon flux density (PPFD) was monitored in environments with 100% (full sun), 50% and 5% light levels, at the clonal saplings' extremities, with the use of a S-LIA-M003 luminous radiation sensor coupled to a micro climatological station: Hobo Micro Station Data Logger (Onset, USA) (Supplementary material 1). Precipitation was monitored using a pluviometer. The mean values ( ± EP) for air temperature, relative humidity and pluviometric precipitation, obtained during the experimental period, were 24.1 ± 0.4°C, 87.8 ± 1.6% and 457.8 ± 12.5 mm, respectively.
Leaf gas exchange
During the experimental period, the net photosynthetic rate per unit of leaf area (P N ), stomatal conductance to water vapor (g s ) and leaf transpiration (E) were measured, between 08:00 and 9:00 a.m., on a mature and completely expanded leaf from the end the orthotropic apex axis. Five plants per treatment were assessed using a LI-6400 portable photosynthesis system (Li-Cor, Nebraska, USA) equipped with a 6400-02 B RedBlue artificial light source. For the leaf gas exchange measurements, the artificial light source of the system was adjusted to provide a photosynthetic photon flux density (PPFD) of 700 μmol m −2 s −1
. To save each reading, the minimum pre-established time for reading stabilization was 60 s and the maximum 120 s. Also, the reading was saved if the coefficient of variation (CV) for the measurements was less than 0.3%. In addition to PPFD, temperature and atmospheric CO 2 within the leaf chamber were maintained constant at 26°C and 380 μmol (CO 2 ) mol −1 , respectively.
Fluorescence emission
The Chl fluorescence emission was measured simultaneously on the same leaves (n = 5) used for the gas-exchange measurements, with a leaf chamber fluorometer LI 6400-40, a LED-based fluorescence accessory for the portable photosynthesis system LI-6400 (LI-COR Bioscience Inc., Lincoln, NE, USA).
To assess the Chl fluorescence emission in dark-adapted leaves, the leaf tissue was placed in standard LI-COR leaf clips for 30 min on each leaf prior to each making each measurement. Following dark-adaptation, the leaf tissue was illuminated with a weak-modulated measuring 
Anatomical features
For light microscopy analysis, five mature leaves from five plants of each clonal genotype of T. cacao at each light level were collected. Small cuttings (2 mm 2 ) of leaves were fixed by 2.5% glutaraldehyde in 0.1 M cacodylate buffer (pH 7.2). The leaf cuttings were dehydrated in graded ethanol series and embedded in historesin (Leica, Heidelberg, Germany). Sections for light microscopy were stained with 1% toluidine blue and photographed with an Olympus BX50 light microscope (Center Valley, PA, USA). For each species and light level, the thicknesses of the leaf blade, upper and lower epidermis, palisade and spongy parenchyma, and total mesophyll were measured from the light micrographs using the Sigma Scan software (SPSS Inc., San Jose, CA, USA).
Photosynthetic pigments
The content of photosynthetic pigments was determinated in the same leaves used for the gas-exchange measurements (n = 5), using methodology described by Hiscox and Israelstam (1979) , with some modifications. After incubation of three leaf discs (0.5 cm 2 ) with 4 mL of dimethylsulfoxide (DMSO) saturated with CaCO 3 at 65°C for 24 h, absorbance of the extracts was determined in a microplate spectrophotometer (VersaMax, Molecular Devices, CA, USA) at wavelengths of 480, 649, and 665 nm. Chl a, Chl b, total Chl, and carotenoid (car) content were determined using equations described by Wellburn (1994) for DMSO extracts. The contents were expressed in a fresh weight basis.
Total flavonoids and anthocyanins
The content of total flavonoids and anthocyanins was determined in mature leaves lyophilized, from five clonal plants in each treatment, following the methodological procedures as described by Lees and Francis (1972) . In addition, these procedures also determined the same compounds in young leaves from three clonal genotypes, but only in environments with 50% light levels. 0.5 g from each sample was macerated in 30 mL of extracting solution, containing 95% ethanol and 1.5 mol HCl L −1 , in the proportion of 85: 15, where they remained for 12 h at 4°C. The volume was subsequently filled to 100 mL with the extracting solution. Absorbance readings were taken using a microplate spectrometer (VERSAmax), at wavelengths corresponding to 535 nm and 370 nm, in order to determine the content of total anthocyanins and flavonoids, respectively. The absorbance readings were converted in accordance with Lees and Francis (1972) .
Activity of Guaiacol peroxidase
To analyze the activity of guaiacol peroxidase (GPX; EC1.11.1.7) samples were collected from the second and third mature leaves of three cacao genotypes grown in different light environments, and then lyophilized. Enzyme activity was determined using the methodology described by Pirovani et al. (2008) and expressed with the increased consumption of guaicol in μmol g −1 (DW) min 
Quantitative real time PCR analysis
The second mature leaf from the stem apex was harvested. The samples were stored at −80°C after being frozen in liquid nitrogen, and then lyophilized. RNA was extracted from leaves at different treatments with RNAqueous (Ambion ® ) kit. Afterwards, the RNA purity and integrity was tested by electrophoresis in 1% agarose gel. The RNA samples were used for cDNA synthesis using Revertaid H-Minus Reverse Transcriptase (Fermentas), according to the instructions of the manufacturer using oligo d(T) 18 primers. The reactions were incubated at 65°C for 5 min, 37°C for 5 min, 42°C for 60 min and 70°C for 10 min.
The qPCR was performed in a 'Real Time PCR' (Applied Biosystems, modelo 7500) using detection sequence (fluorophore) non-specific SYBR Green I (Fermentas). The abundance of transcripts was analyzed using specific primers (Table 1) . To test the quality of these primers, the specificity and identity of the reverse transcription products, the qPCR products were monitored after each PCR, using curve analysis of reaction products capable of distinguishing gene-specific from non genespecific products. The reaction mix consisted of: cDNA template (500 ng), 0.5 μM of each primer, and 10 μL fluorophore SYBR Green I in a final reaction volume of 20 μL. The temperature of PCR products was raised from 55 to 99°C at a rate of 1°C/5 s, and the resulting data were analyzed using the LightCycler software. Only a single band with a characteristic melting point was observed for each sample, indicating Scientia Horticulturae 224 (2017) 188-197 that the qPCR had produced a specific product for primer used. To confirm that the qPCR had produced only genes of interest, the PCR products were separated and visualized in agarose gel at 1%. Threshold cycle (C T ) values were determined using the LightCycler software. Numbers regarding the relative expression of genes were calculated as a percentage of the control treatments (50% full sunlight), using the 2 −ΔΔCt method (Livak and Schmittgen 2001) and β −Tubulina as endogenous control in order to detect changes in transcript number (Supplementary material 2). All reactions were prepared in triplicate and performed twice.
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Statistics
The experiment was conducted in a completely randomized design, using a 3 × 3 factorial arrangement which corresponded to three contrasting light environments (100%, 50% e 5% full sunlight) and three T. cacao genotypes, with five replicates, and one plant per experimental unit. The results were submitted to a variance analysis (ANOVA), followed by Tukey's mean comparison test (p < 0.05). All statistical procedures were performed using the Statistica 6.0 software (Statsoft Inc., College Station, TX, USA).
Results
Leaf gas exchange
During the procedures to evaluate the leaf gas exchange, it was verified that, in 100% light, the genotype 'Catongo' presented greater CO 2 assimilation (73% and 27%), stomatal conductance (75% and 31%) and transpiration (69% and 16%) than the SCA-6 and SJ-2 genotypes, respectively. Referring to the other two light environments (50% and 5%), the genotypes 'Catongo' and SJ-2 did not exhibit significant differences (p < 0.05) in terms of CO 2 assimilation, while SCA-6 reduced its CO 2 assimilation by 20%, and 40% in light environments of 50% and 5%, respectively (Table 1 ).
In the current study, intragenotypic responses were not observed at the different light levels. The genotype 'Catongo' showed the highest value of CO 2 assimilation in 100% light, but there was no significant difference (p < 0.05) observed between genotypes in the 50% and 5% light levels. However, for the genotype SCA-6, the value of CO 2 assimilation was higher in 50% light and reduced at 5% (29%) and 100% (58%) light levels. On the other hand, the CO 2 assimilation values for the SJ-2 genotype did not significantly differ (p < 0.05) between the light levels (Table 1) . Genotype SCA-6 with low content of anthocyanin seems to adapt to partial shade.
Fluorescence emission
While assessing chlorophyll fluorescence emissions at the foliar level, it was noted that there was no significant difference (p < 0.05) for the F v /F m ratio, in SCA-6 and SJ-2 in 100% light, when compared with 50% light environment. It was also verified that the F v /F m values were lower in full sun compared to the 5% light environment. Generally considering, it was possible to observe that F 0 did not present significant inter-and intragenotypic differences (p < 0.05); whereas F m showed the same trend as the F v /F m ratio for the genotypes "Catongo" and SCA-6 (Table 1) .
Foliar anatomy
The genotype 'Catongo' showed no significant differences (p < 0.05) for leaf lamina thickness (LLT), total mesophyll thickness (TMT), palisade parenchyma thickness (PPT) or spongy parenchyma thickness (SPT) in 100% and 50% light levels. In contrast, in 5% light, the 'Catongo' genotype give reductions of 24.5%, 23%, 21% and 20% in thickness values for LLT, TMT, PPT and SPT, respectively. On the other hand, the SCA-6 genotype has not shown any significant differences (p < 0.05) of thickness values for LLT, TMT, PPT and SPT in all the three light levels. It was also observed, for the SJ-2 genotype, that the thickness values for LLT, TMT, PPT and SPT were higher in the 50% light level, whereas in 100% and 5% light levels there was a reduction in the LLT and TMT thickness values (Figs. 2 and 3) .
Photosynthetic pigments
The content of Chl a and Chl T, for genotypes 'Catongo' (2.0 and 2.89 mg g −1 FW) and SJ-02 (2.4 and 3.5 mg g −1 FW), were similar in the 5% light levels, whereas at same light level SCA-6 give a reduction of approximately 40% in concentration of these pigments compared to the SJ-2. On the other hand, for SJ-2 in 5% light, the content of Chl b was higher compared to 'Catongo' and SCA-6. In contrast, the values of Chl b content in 'Catongo' and SCA-6 in 100% light were no different from those in 50% light levels, whereas for SJ-2 there were significant differences (p < 0.05) observed in content of Chl a, Chl T and Car content in full sun light (Fig. 4) . For the genotypes 'Catongo' and SCA-6, the Chl a/b ratio was similar in the three light levels, while for SJ-2 there was a greater Chl a/b ratio in 50% light. The Car/ChlT ratio values did reduce along with decreased light intensity. However, for the genotypes SCA-6 and SJ-2, the Car/ChlT ratio differed significantly (p < 0.05) in the three light levels, whereas the ratio remained constant for 'Catongo' in 100% and 50% light levels (Fig. 4) .
Total flavonoids and anthocyanins
The content of flavonoids found in the leaves, in 100% and 5% light, ranged from 26.4-33.71 and 9.36-11.38 mg g −1 quercetin, respectively (Fig. 5) . SCA-6 genotype in 100% light showed the greatest content of Scientia Horticulturae 224 (2017) 188-197 foliar flavonoids; whereas for the genotypes 'Catongo' and SJ-2, the flavonoid content did not significantly differ (p < 0.05). The same pattern that was observed in 100% light was also observed in the 50% light level for all three genotypes of T. cacao. On the other hand, there was no significant inter-genotypic difference (p < 0.05) observed for flavonoids contents in the 5% light level (Fig. 5A ). For all evaluated genotypes, it was observed that the mature leaves give a low content of anthocyanins, which differs from the flavonoid content, whose values were much greater. In different light levels, the anthocyanins content varied from 0.8-1.59 mg g −1 , with the smallest content being observed in 'Catongo' in 100% light, and the largest anthocyanin contents were observed in SJ-2 genotype in 5% light (Fig. 5B) . On the other hand, in a 50% light level, 'Catongo' give a 0.4 mg g −1 anthocyanins content in young leaves, while SJ-2, in the same light level, give anthocyanin content of 22.6 mg g −1
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. In addition, young leaves from the clonal genotypes SCA-6 and SJ-2 showed greater contents of anthocyanins (85 and 95%, respectively) than those from mature leaves in 50% light. The same result was not observed for 'Catongo' (Supplementary material 3) . It was also verified, in the different light intensities and during the two foliar development stages (young and mature leaves), that the SCA-6 genotype give highest contents of flavonoids. However, it was possible to see that the lowest contents of flavonoids were found in young leaves, whose values were 19, 20 and 22% lower for the genotypes 'Catongo', SCA-6 and SJ-2, respectively, when compared with the mature leaves (Supplementary material 3).
Guaiacol peroxidase activity (GPX)
GPX activity was observed to be greater at light levels of 5% for all clonal genotypes evaluated, whose increments were 26.5%, 39% and 52% for genotypes SJ-2, 'Catongo' and SCA-6, respectively, when compared with the 50% light environment. On the other hand, when the GPX activity in 100% light was compared with activity in 50% light, the genotypes did not show the same trend. The genotype 'Catongo' give a 25% increase in GPX activity in 100% light, when compared to the 50% light level. On the other hand, SCA-6 did not significantly differ (p < 0.05) in 100% light, whereas SJ-2 give lower GPX activity (33%) (Fig. 6) .
Gene expression
The expression of the genes psbA and psbO at the leaf level are associated with biosynthesis of the proteins PsbA PsbO, respectively. These are components of photosystem 2 (PS2) that belongs to the photochemical phase of the photosynthesis, which gives similar trends for both clonal genotypes of T. cacao, albeit in different proportions. There were greater expressions of psbA and psbO for 'Catongo' in 100% and 5% light levels when compared to 50% of light, where their expression increased by 200 and 100 times and 8 and 5 times, respectively. On the other hand, for SJ-2, there were only small increases in the expressions of psbA and psbO in 100% and 5% light levels, which corresponded to increases by 2 and 2.5 times and 3 and 5 times, respectively, compared to the control; whereas for SCA-6 there was a repression of psbA in 5% light levels, and an increase by 2 times in 100% light levels (Figs. 7 and 8 ).
Regarding the gene hsp70, for the genotypes 'Catongo' and SJ-2, there was an observed repression of this gene at the leaf level in 100% light, when compared to 50% light; whereas for the SCA-6 genotype, a slight increase in its expression was observed. On the other hand, in 5% light 'Catongo' reduced the expression of this gene, while SJ-2 showed no significant difference (p < 0.05) when compared to the control. However, for SCA-6 there was an increment in its expression in this light environment (Fig. 9) . Scientia Horticulturae 224 (2017) 188-197 4. Discussion
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Phenotypic plasticity and photosynthesis
Leaf phenotypic plasticity responses observed by the clonal genotype 'Catongo' are consistent with those observed with other plant species (Boardman, 1977; Bjorkman, 1981; Lambers et al., 1998) , this may be due to the fact that leaves in the sun were thicker than those in the shade. On the other hand, the genotype SCA-6 gives lesser phenotypic plasticity when compared to the other two genotypes of T. cacao. Leaf thickness from the genotype 'Catongo' was greater than other two genotypes, which also increased their leaf thickness when subjected to high light intensity. This increase was mainly induced by the greater thickening of the palisade parenchyma (PPT) and the spongy parenchyma (SPT), due to the greater cell elongation, since the number of layers in these tissues remained constant.
Increased foliar thickness translates into high energy costs for plants and reflects an elevated net photosynthetic rate displayed by the genotype 'Catongo'; this was due to CO 2 availability, which becomes greater in the lacunar of the mesophyll, and the lacunar of the chloroplasts that are close to the cell's surface, thereby facilitating carboxylation by Rubisco, since CO 2 diffusion in liquid medium is lower (Oguchi et al., 2005; Terashima et al., 2006) . In addition, the increase in leaf thickness, observed for the genotype 'Catongo', also has a role of decreasing photooxidative effects, thereby increasing the area for energy dissipation (Wyka et al., 2007) .
According to Samuel Björkman (1981), genotypes of T. cacao were expected to form a higher Chl b content compared to the Chl a content, in low light intensity conditions, in order to increase lower energy wavelength absorption. However, this was not confirmed in the current study due to the proportional increase in Chl a and Chl b content. In this way, for all the evaluated genotypes of T. cacao, there was no observed decreasing tendency in the Chl a/b ratio along with reduced light intensity. This fact is justified by the increase in the Chl a content, which was not accompanied by an increase in Chl b content, in the same light intensity. One of the factors that can interfere with the significant increase of Chl b content, in addition to light intensity, is the quality of the light that hits the leaf surface. Eskins et al., 1989 reported that blue light is essential for sun-type chloroplasts, whereas red light is the same for shade or sun-type chloroplasts. However, it is likely, even in conditions of low light intensities, that there were no changes in light quality during this experiment as black plastic screens were used to attenuate global radiation.
An increase of the Car/ChlT ratio was observed for the three evaluated genotypes of T. cacao, along with increasing light intensity. In high light intensity environments plants utilize xanthophylls cycles (carotenoids) for non-photochemical quenching (Demming-Adams and Adams 1992). Despite the carotenoid content having increased in shaded environments, the proportion was not equal to the increase in the Chl T content, thereby justifying the greater Car/ChlT ratio in full sun (Demming-Adams and Adams 1992). On the other hand, based on the potential quantum yield of PS2 (F v /F m ), it is possible to see the existence of photoinhibition for the three genotypes of T. cacao grown in full sun, as evidenced by the decrease in the F v /F m values. However, in this case the photoinhibition may have been dynamic, due to activation of the photoprotection mechanisms, thereby allowing heat dissipation without affecting protein from the photosynthetic apparatus (Baker 2008) .
Antioxidative metabolism
In plants, foliar chloroplasts, when exposed to excessive light, are the principle cellular organelles that are, along with the mitochondria, responsible for producing ROS, (Gil and Tuteja, 2010) . The plants eliminate ROS through enzymatic and non-enzymatic mechanisms. However, when the antioxidative metabolism is unable to eliminate all the ROS, there is oxidative stress. For the evaluated genotypes of T. cacao, the foliar flavonoid content, which belongs to the non-enzymatic pathway, were higher in greater light intensity. Similar results were found by Tattini et al. (2005) in Phillyrea latifolia, which presented foliar flavonoid content levels that were not significant in low light intensities but were significant in full sun. Furthermore, Fini et al. (2011) demonstrated that excessive light, regardless of the proportion of wavelengths, regulates flavonoid biosynthesis.
In vitro and in vivo experiments have demonstrated the role of flavonoids as quenchers and, or ROS inhibitors (Agati et al., 2010) . This role becomes more evident in light of the variety of existing classes in the flavonoid family, both hydrophilic and hydrophobic, which means that they can be found in various cellular compartments (Hernández et al., 2008) . When present in chloroplasts, flavonoids act as excellent superoxide removers that are generated by the photosynthetic machinery (Agati et al., 2010) . However, other forms, such as cytosolic ones, also have important roles to play, because ROS cross the membranes of cellular organelles where they were generated, the example being H 2 O 2 , passing towards the cytosol, using the aquaporin channels (Mittler et al., 2011) .
Additionally, flavonoids are beneficial to plants under excessive light as they absorb short wavelengths, such as UV rays, that are extremely harmful to biomolecules (Harborne and Williams 2000) . Furthermore, they are involved with increasing the number of trichomes and specialized epithelial cells, which mitigate the effects caused by light (Goh et al., 2012) ; they also act, along with the enzymatic system, to remove ROS, such as substrates for GPX and polyphenol oxidase (Agati and Tatiini, 2010) . In this way, the SCA-6 genotype, which is regarded as wild, is better protected against oxidative stress than 'Catongo' and SJ-2, despite these two genotypes having presented increases in the content of this metabolite in full sun.
Low concentrations of anthocyanins in mature leaves were observed in the three clonal genotypes of T. cacao, when compared to their young leaves. This is due to the fact that, in many plant species, this vacuolar pigment is found at high levels in young leaves, with it having a tendancy to disappear as the leaf matures (Ranjan et al., 2014; Hatier and Gould 2009 ). It was also noted that the young leaves from 'Catongo' had low levels of anthocyanins, a genotype that is regarded as a mutant for this characteristic; whereas the levels found in young leaves from SCA-6 and SJ-2 were higher than those found in mature leaves.
Young leaves are more sensitive to excessive light energy, due to the immaturity of their photosynthetic apparatus, where the presence of anthocyanins minimizes the effects of light (Steyn et al., 2002) . Additionally, anthocyanins are products of a biochemical route that involves the synthesis of several important metabolites to counter herbivory; whose red color may be an evolutionary adaptation, thereby indicating the presence of phenolic compounds, the purpose of which is to repel insects (Gould et al., 2008) . According to Karageorgou and Manetas (2006) , young green leaves from Quercus coccifera are attacked more often by insects than its young red leaves. Thus, different from those of 'Catongo', leaves from the SCA-6 genotype and, mainly, from SJ-2 protect themselves from excessive light during their young phase.
Typically, oxidative stress is greater under excessive light, because of the greater activation of the electron transport chain in the chloroplasts and mitochondria (Gil and Tuteja, 2010) . In contrast, GPX activity (EC 1.11.1.7), in the evaluated genotypes of T. cacao, was higher in the environment with 5% light. However, there are reports that oxidative stress enzymes decrease their activities during periods of severe stress caused by excessive light, as was seen for the ascorbate peroxidases (APX) and for the superoxide dismutase (SOD) in species Ligustrum vulgare (Fini et al., 2011) . On the other hand, the genotype 'Catongo' showed higher GPX activity in full sun, when compared to the other two evaluated genotypes.
Molecular responses
Significant inter-genotypic differences (p < 0.05) were verified compared to the relative expression of the gene psbA. There was an overexpression of the gene psbA for genotype 'Catongo' in 100% light. The regulation the gene's expression through light occurs mostly at translational and post-transcriptional levels, so that the chloroplasts maintain a stable pool of m-RNA for psbA (Dwivedi and Bhardwaj, 1995) . However, Kettunen et al. (1997) , while working with Pisum sativum, demonstrated that light regulated the expression of the psbA gene at both the transcriptional and translational level.
The genotypes 'Catongo' and SCA-6 presented a higher expression of the gene psbO in 100% light, which has an extrinsic protein of PS2 as a product, this is considerably important for oxygen evolution during the photochemical phase of photosynthesis (Popelkova and Yocum, 2011) . In addition, the protein PsbO, along with PsbP e PsbQ, plays an important role in the accumulation of PS2 reaction centers, which may be involved as an assembling/stabilizing factor of this photosystem (Bricker and Frankel, 2011) . The protein PsbO can perform this function through its ability to phosphorylate the D1 protein, thereby increasing its stability under stress conditions, the example being excessive light. This justifies the increase of its expression at high light intensities (Bricker and Frankel, 2011) .
The expression of the gene hsp70, whose product is a chloroplastic protein associated with heat shock, was repressed in the genotypes 'Catongo' and SJ-2, no matter what the light levels were. On the other hand, there was an overexpression (upregulation) of this gene in the genotype SCA-6. Heat shock proteins are also known as stress proteins, they are activated in diverse restricting situations (Al-Whaibi, 2011). The HSP70 protein functions to (i) prevent protein aggregation; (ii) remodel those which lose their configuration under stress conditions (Scarpeci et al., 2008) ; (iii) and regulate the gene expression of other HSFS, including the small HSP, which, when located in the chloroplast, reduce photooxidative damage (Akerfelt et al., 2010) . Thus, the genotype SCA-6, despite not having presented a great deal of foliar phenotypic plasticity, showed important foliar responses against stress caused by light, including the production of antioxidants, as per the elevated content of flavonoids; and with the increase in the expression of hsp70, since H 2 O 2 also enables its expression (Scarpeci et al., 2008) .
In conclusion, this study showed that the differences presented by the three evaluated clonal genotypes of T. cacao, in regards to variations in light intensity, are not associated with the presence or absence of foliar anthocyanins, because the content of this pigment was greater during the young foliar phase. The clonal genotypes 'Catongo' and SJ-2, when subjected to different light levels, presented a higher phenotypic plasticity for its anatomy and for chloroplastic pigment content at the foliar level; while the SCA-6 genotype invested more in the flavonoid content and in the gene expression of chloroplast heat shock protein hsp70, belonging to the HSP70 family. At high light intensity, the genotypes SCA-6 and SJ-2 give a more efficient non-enzymatic antioxidant protection system, through increasing flavonoid content and GPX activity. In contrast, the genotype 'Catongo' more efficiently used its enzymatic and non-enzymatic protection systems, in comparison to the other two genotypes. The expression of genes PsbA and PsbO did not allow the evaluated genotypes of T. cacao to differ in relation to the variations in light intensity. 
